Conditions at Conception and Risk of Menstrual Disorders
Luc J . Smits, In a case'Control study, vve evaluated the association of the risk of menstrual disorders with four periconceptional factors: short preceding interpregnancy interval (<6 months), low (^19 years) or high (2:40 years) maternal age at conception, and month of conception. We divided 919 women who had visited a fertility clinic between 1991 and 1995 into three categories: cases (with mean menstrual cycle length ^42 or ^21 days, or a variation of ^14 days between cycles, or amenorrhea, N = 294), controls (with cycles within a range of 25-35 days and variation ^7 days, N = 520), and intermediates (N = 105). A self-administrable questionnaire was mailed, asking for information about maternal reproductive history and age, and po tential confaunders such as smoking, exercise, and level of education. Response (77%) differed little among cases, inter mediates, and controls. We found elevated risks for short pregnancy intervals [adjusted odds ratio (OR) = 2.04; 95% confidence interval (Cl) = 1.04-4-02] and advanced maternal age (OR -3.24; 95% Cl = 1.27-8.30) but not for low maternal age (OR ~ 0.58; 95% Cl = 0.11-3,14) (cases vs controls). We found similar effects for intermediates vs con trols. The distribution of month of conception did not differ much from controls for both cases and intermediates. The results indicate that conception after short pregnancy intervals or at advanced maternal age increases the risk of menstrual disorders in daughters. The precise etiology is unclear, but it may lie in the quality of the oocyte at conception.
(Epidemiology 1997;8:524-529)
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( Menstrual cycle disorders can lead to considerable con cern and form a major cause of infertility.1 Irregularity of menstruation is usually due to disturbances of the hypothalarnic-'pituitary-ovarian axis. Determinants of dys~ function of the hypothalamic-pituitary-ovarian axis in clude heavy exercise,2,3 smoking,4 undernutrition, and overnutrition.5 For the most part, however, the etiology of hypothalamic-pituitary-ovarian dysfunction (and thereby of irregular menstruation) is unknown. In an earlier paper,6 we hypothesized that dysfunction of the ovaries may originate in early gestation, induced by a suboptimal maturational state of the oocyte at the time of ovulation ("preovulatory overripeness of the oocyte"). In animal research, specific malformations of the gonads were shown in specimens conceived from overripe eggs,7,8 Preovulatory overripeness of the oocyte is supposed to occur predominantly in situations in which the hormonal regulation of the menstrual cycle is disturbed. Such disturbances prevail during the rest orational period after a pregnancy9,10 and at low11,12 and advanced11,13 reproductive age. As there is evidence that the regularity of the menstrual cycle also varies through out the year, probably under influence of the lightsensitive pineal hormone melatonin,14' 18 the risk of pre ovulatory overripeness may fluctuate with it.
The idea that there are conditions within the natural reproductive span of a woman that are intrinsically un favorable for pregnancy, even if she is otherwise (men tally, physically, and genetically) healthy, is far from new, yet it is gaining increased attention. N ext to ad vanced maternal age, which has long been a known risk factor for various adverse reproductive outcomes,19' 21 low maternal age (and especially teenage pregnancy) has been shown to increase the risk of unfavorable preg nancy outcomes, independently from associated deter minants such as life-style, prepregnancy care, and pre natal care.22"24 The relation between short birth intervals and adverse pregnancy outcomes has often been thought to be confounded by the higher prevalence of preterm birth after short birth intervals, but this theory has been clouded by the finding that short .pregnancy intervals have similar effects.25,26 Finally, the idea that there may be different risks associated with reproduction in differ ent months throughout the year has been little acknowl edged but has received recognition in relation to the occurrence of schizophrenia in offspring. 27 In this study, we tested the prediction that women with menstrual disorders were conceived more often alter short pregnancy intervals (within 6 months after the end of a preceding pregnancy), or at low (^19 years) or advanced (^4 0 years) maternal age. We also evalu ated whether they show an unusual month-of-conception distribution.
Subjects and Methods
Thu study population comprised 919 women who had present:ed a11he infertility clinic of an academic hospitai in Nijmegen, the Netherlands, in the period 1991-1995. Subjects were selected on the basis of their medical files. We excluded those for whom there was no clear infor mation about the menstrual cycle, whose reason for seeking help was not: infertility, who came for re fertil ization, who had problems with cervical mucus, or whose medical file was not. available during the selection pe riod.
O n the basis of self-reported contraception-free men strual cycle characteristics at the first visit, we catego rized the 919 eligible women into three groups: cases (with mean cycle length S:42 days or ^2 1 days, or a wit bin-subject variation between cycles of 14 days or more» or amenorrhea); controls (with cycles within a range of 25-35 days and a within-subject variation be tween cycles o f no more than 7 days); and intermediates (those who were neither case nor control), Thus de fined, there were 294 (32%) cases, 520 (57%) controls, and 105 (11%) intermediates.
W e sent to these subjects a 6 -page self-administrable questionnaire, which included questions about: their mother's reproductive history (including miscarriages), t heir mother's birth date, term date of the subject's birth, and several known risk factors of menstrual disorders. We sent two reminders, the last one enclosing a new copy of the questionnaire, 1 week and 4 weeks after the initial mailing.
W e est imated the day of conception by subtracting 266 days (40 weeks from the last: menstrual period, minus 14 days) from the term date of the subject's delivery. If the respondent had not provided the term date o f delivery, we used the actual birth date (in 8 % of the respondents). Dates of maternal miscarriages (if any) were ascertained only in terms of month and year; day of miscarriage was stipulated to he the 16th of that month.
W e calculated maternal age at: the respondent's con ception by subtracting the maternal birth date from the estimated date of the respondent's conception. If the respondent was not: born from the first maternal preg nancy, we calculated pregnancy interval by subtracting i end date of the preceding maternal pregnancy (be it livehirth, stillbirth, or miscarriage) from the estimated date of the respondent's conception. W e divided maternal age into five groups (in years): < 1 9 , 2 0 -2 5 , 2 6 -3 5 (reference group), 3 6 -3 9 , and ^40, We divided preceding pregnancy interval into three groups: 0 -3 months, 4 -6 months, and > 6 months (ref erence group). W e calculated odds ratios (O Rs), crude and con trolled for confounding, using unconditional logistic re gression. We evaluated the following factors as potential confounders: respondent's age, physical exercise, Quotelet index, number o f liveborn or stillborn siblings, ciga rette smoking, and partner's education. In addition, in studying each determinant (be it maternal age at con ception, pregnancy interval, or m onth of conception), we treated the remaining determinants as potential con founders. W e evaluated confounding by adding one po tential confounder at a time to the model; if the crude OR (or at least one o f the dummies designating deter minant status) was altered by 10% or more, we retained the factor in the model; otherwise, we excluded it. W e excluded observations with unknown confounder values from analysis.
To study seasonality of conception, we first calculated the proportion of cases (or intermediates) for each month of conception. W e assumed that, if different months of conception bore different risks, the pattern of proportions would have a sinusoid form with a period of either 1 or 0.5 year, or a com bination of both. W e modeled the pattern by introducing factors referring to amplitude and shift into a logistic m o d e lé After up to three mailings, 701 of the 919 questionnaires were completed and returned. O w ing to incorrect ad dress information, 11 potential respondents never re ceived any o f the letters, so the actual response rate was 701/908 -77%. A m ong the respondents, 219 (31%) were cases (among whom 47 were amenorrheie), 85 ( 12%) were intermediates, and 397 (57%) were con trols. A comparison o f these figures with their distribu tion in the original study population indicates that there was little differential response among study groups* Table 1 The upper parts of Tables 2 A and 2B present Notably, the effect of maternal age was confounded by pregnancy interval, Without control for pregnancy in terval, ORs for low maternal age were higher, and those for high maternal age were lower, indicating that the decline of the occurrence of short birth intervals with increasing age is stronger in cases and intermediates than in controls.
M o n t h o f C o n c e p t i o n
For our assessment of seasonality of conception, we excluded all respondents who were born from first preg nancies, because the month of first conception is strongly related with month of parental marriage, and cases and intermediates were bom more often from first pregnancies. Marriage is usually not evenly distributed across the year, and we did not know the date of parental marriage. Epidemiology September 1997, Volume 8 Number 5
EARLY CONDITIONS AND MENSTRUAL DISORDERS 527
In Figure 1 , proporcional month-of-conception distri butions are given for cases and intermediates, with con trols as a reference. Best fitting curves are drawn in the same figure. Despite their reasonable fit [8.38, degrees of freedom (df) = 9, P = 0.50 for cases; and 10.72, df = 9, P = 0.30 for intermediates], best fitting curves were statistically compatible with a straight line (P = 0.78 and P = 0.59, respectively).
Because inaccuracies in the information on the term date of the respondent's birth may have led to misclassification of month of conception, we re-analyzed the data including only those patients who gave information on the term date of birth (cf analysis of pregnancy interval). This re-analysis did not change the results materially in cases or in intermediates. Another re analysis, restricted to those respondents whose mothers had assisted in filling out the questionnaire, also did not change the results.
Discussion
The results of this study indicate that conception after short pregnancy intervals or at high maternal age in creases the risk of menstrual disorders in the offspring. They also indicate that the risk of menstrual disorders is not associated with month of conception or with low maternal age at conception.
These results are partly consistent with the hypothesis we have described earlier, which states that conception in conditions associated with maternal endocrine irreg ularities may lead to ovarian maldevelopment, owing to preovulatory overripeness of the oocyte.6 The hypothesis is based on direct evidence from animal experimentation and indirect evidence from observational human re search. Overripeness of the oocyte has been observed in diverse animal species after artificial and non-artificial delays of ovulation and has been shown to affect fertilizability, implantation rates, and embryonic malforma tion rates. Tables  2A and 2B ) caused unstable ORs both in cases and in intermediates. Next, the high-risk categories (low/ad vanced maternal age, short pregnancy intervals) may not all designate an equally high risk of exposure to preovu latory overripeness, as they are strongly dependent on (arbitrary) definition. We estimated the mean menarcheal age of our subjects' mothers to be 14 years48 and the duration of menstrual irregularities thereafter to be approximately 5 years.12 Nevertheless, as earlier metv arche is associated with faster achievement of cycle regularity49 and with earlier marriage and reproduction,50 it is difficult to approximate the period of postmenarcheal menstrual irregularity by age only, (Similarly, post partum and premenopausal menstrual irregularities are imperfectly approximated by a fixed number of months postpartum and age, respectively.) Third, with respect to month of conception, a relation with menstrual disor ders was predicted on the assumption that the risk of maternal endocrine irregularities, and thereby the risk of preovulatory overripeness, varies across the year. Although there is evidence supporting this assumption,14-18 the amplitude of variation may be too small to cause detectable variation in the risk of preovulatory overripe ness, In an earlier study, we also did not find a relation between month of birth and cycle length or cycle vari ability.51 It should be noted, however, that comparison between these two studies is hampered by differences in design. Finally, we cannot exclude the possibility that the increased ORs for short pregnancy intervals and high maternal age are due to some mechanism other than preovulatory overripeness. To our knowledge, how ever, there is currently no other published hypothesis that could explain these empirical associations.
The hypothesis predicts effects on ovarian function. Irregularity of menstruation, however, is generally the result of a dysfunction of the interplay between the constituents of the hypothaiamic-pituitary-ovarian axis. This study has some potential limitations. First, measûrement of cycle characteristics was based primarily on routine medical interviews, Despite the possibility of in-person questioning, this method may not be com pletely reliable, because women who subjectively expe rience their cycles as being regular tend to overestimate their regularity,11 and where cycles increase in length or variability, the ability to make accurate estimations may decrease. It is unlikely, however, that the degree or direction of the inaccuracy is related to the study deter minants, so that the effect may be a bias toward the null.
Second, in spite of the fact that the information needed to calculate determinant status mainly consisted of objective data such as birth dates, some of the infor mation asked for in the questionnaire, especially dates of maternal miscarriages and stillbirths (needed to deter mine pregnancy intervals) and the term date of the subject's delivery, may have been more difficult to re cover and therefore may be subject to inaccuracy. To reduce inaccuracies, we added the categories "do not know" and "could not ascertain" to questions asking for such information and treated these categories as missing values in the analyses. Furthermore, two-thirds of all respondents, equally distributed among the study groups, reported maternal assistance in filling out the question naire. Restriction of the analysis to this subgroup did not lead to different results, nor did restriction to respon dents who gave information on the term date of birth. Also, exclusion of respondents who were conceived after stillbirths or miscarriages did not change the results. On the basis of the above considerations, we infer that information bias did not cause the differences between groups, Third, although we controlled for several potential confounders, we cannot exclude residual confounding by unmeasured causes. Genetic factors may play a role in the etiology of polycystic ovaries,55 a condition present in a large part of women with irregular menses,56 but it is unclear whether, and to what degree, these may have affected our results. If the prevalence of polycystic ova ries is higher among mothers of cases owing to genetic factors, one would expect a lower rather than a higher prevalence of short pregnancy intervals. Elevated odds ratios for advanced maternal age, on the other hand, might be explained by a lower birth rate among mothers of cases, causing them to have children for a longer period of time until their desired family size is reached.
Because our subjects were identified through atten dance at an infertility clinic, we may have missed tran sient cases of menstrual disorders, This study therefore only concerns the more persistent types. There is no reason, however, to assume that persistently abnormal menstrual patterns satisfying the strict criteria employed here but not leading to seeking help for infertility have structurally different etiologies than those in our sub jects.
